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The conversion process has to be completed in nanometer scale region (<11 nm). 



Outline of basic design strategy of chemically amplified resist 

①How many photons can be absorbed? 

②How many acids can be generated by a single photon? 

Quantum efficiency: 2-3 

Absorption coefficient: ~4 /mm 

③How many dissolution inhibitor (protecting group) can be removed by a 

single acid during the diffusion of unit length? 

Effective reaction radius: 0.06-0.16 nm 

④How smoothly are the polymers dissolved in developer? 

Proportionality constant between LER and chemical gradient, fLER: 0.14-0.31 

Activation energy for deprotection 

Activation energy for acid diffusion 

Low-diffusion anion 

High Tg polymer 

Anion-bound resist 

Molecular size, protection ratio 

Development, rinse 

The performance of resist materials is determined by the efficiency of conversion processes. 
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The chemical gradient is determined by ①－③ 

The proportionality constant depends on 

the stochastic effect. 



Concept of resist characterization for stochastic effect 

Applied to ESR1 to clarify the stochastic effect 

SFET 

Conventional characterization Advanced characterization 

Latent image & stochasticity SEM image 
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Reconstruction of chemical image 

Inadequate for material design 
of 16 and 11 nm node   Extraction of chemical information 

from SEM images is essential to 
efficient resist development.  

Sensitivity 
Line edge roughness 
Resolution 
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Pattern boundary (Exp.) 

Latent image (Average) 

+0.31s 

-0.31s 
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Dissolution point 

Normalized standard 
deviation of the number 
of protected units 
connected to a polymer 

LER (Exp.) 

±0.31-±0.37s fluctuation of protected units contributed to LER formation. 



0.0 

0.2 

0.4 

0.6 

0.8 

1.0 

-30 -15 0 15 30

Distance (nm) 

N
o

rm
al

iz
ed

 p
ro

te
ct

ed
 u

n
it

 c
o

n
c.

 

Advanced resist characterization and stochastic effect 

Line Line Space 

Latent image was 
successfully reconstructed  
from SEM image using a 
Monte Carlo simulation. 

The acid diffusion length was 
approximately 10 nm in the high 
resolution region.  

To eliminate line shrinkages within 
6.1 mm length, 1.2-1.6s difference 
is required.  

±0.31-±0.37 s fluctuation of 
protected units contributed to 
LER formation. 

To eliminate bridges within 6.8 mm 
length, 1.5-2.0s difference is 
required. 

The fluctuation of protected 
unit (stochastic effect) was 
estimated. 

The resolution dependence 
of dissolution point was 
estimated. 

Chemical information 
was also obtained. 
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The formation of line-and-space patterns was calculated by applying 

the knowledge obtained with the advanced characterization in order 

to clarify the stochastic effects at 11nm node. 

Objective 

The distribution of the protected units connected to a polymer 

molecule is hereafter called the protected unit distribution. 

Terminology and assumption 

The standard deviation of the number of protected units connected to 

a polymer molecule is called “standard deviation” in this study. 

The dispersion of the molecular weight (4000) of resist polymer (the 

completely deprotected polymer) was assumed to be 1 for simplicity. 

The average number of protected units connected to a polymer 

molecule was assumed to be 10. 

1. 

2. 

3. 

4. 

±0.34s (an average value of 0.31 and 0.37) protected unit 

fluctuation was assumed to contribute to LER formation. 

5. 

The optical images with contrast of 1 and without flare were assumed. 6. 



Simulation method 

1. Probability density model 

2. Hybrid model 

Acid generation Catalytic chain reaction 

3. Stochastic model 

Optimum process parameters were determined using the hybrid model. 

Using the obtained parameters, the stochastic model was applied to the study on stochastic effects. 
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Monte Carlo method 

Reaction diffusion equations  

Monte Carlo method Monte Carlo method 

Reaction diffusion equations  
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Cacid: 10 wt%, Reff: 0.1 nm, Contrast 1, no flare 
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Number of protected units 

Latent image with standard deviation 

Distribution of the number of protected units connected to a polymer 
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Stochastic effects in acid diffusion at 16 and 11 nm node 
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Acid diffusion length (nm) 

Dependence of acid diffusion length and lifetime on the initial position of acids  

Histogram of acid diffusion length distribution 
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Effect of initial dispersion on LER at 11 nm node 
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Dose dependence of protected unit fluctuation at 11 nm node 
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Exposure dose (mJ cm-2) 

Dose dependence of protected unit fluctuation and chemical gradient. Initial 
standard deviation si was changed from 0.0 to 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.2. 
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Protected unit fluctuation (standard 
deviation) does not significantly 
depend on exposure dose when the 
process is optimized to maximize 
chemical gradient for each 
exposure dose. 
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Effects of acid generator concentration at 11 nm node 
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Effect of effective reaction radius for deprotection at 11 nm node 
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Effective reaction radius, Reff (nm) 

Dependence of protected unit fluctuation on effective reaction radius  
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Conclusion 

1. Protected unit fluctuation does not depend on exposure 

dose (>5mJ cm-2) and acid generator concentration (>5 

wt%) at 11 nm node. 

2. Protected unit fluctuation after PEB depends on the 

initial polymer condition. 

3. Protected unit fluctuation increases with the effective 

reaction radius for deprotection. 

4. Because of severe requirement for resist processes, not 

only chemical contrast but also stochastic effects should 

be taken into account in the design of next generation 

resists. 


